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Received 22 June 2006; received in revised form 16 October 2006; accepted 19 October 2006AbstractCyclosporine A (CsA)-induced direct failures in hypothalamic–pituitary–gonadal axis and Sertoli cell phagocytic function have
been considered for testicular toxicity so far. It has clearly been reported that oxidative stress leads to damage in sperm functions and
structure of the testis. Therefore, this study was conducted to demonstrate whether CsA causes testicular and spermatozoal toxicity
associated with the oxidative stress, and to investigate the possible protective effect of lycopene against CsA-induced damages in all
reproductive organs and sperm characteristics in male rats. While the daily administration of CsA at the dose 15 mg/kg for 21 days
significantly decreased the seminal vesicles weight, epididymal sperm concentration, motility, testicular tissue glutathione (GSH),
glutathione peroxidase (GSH-Px) and catalase (CAT), diameter of seminiferous tubules and germinal cell thickness, it increased
malondialdehyde (MDA) level and abnormal sperm rates along with degeneration, necrosis, desquamative germ cells in testicular
tissue. However, the CsA along with simultaneous administration of lycopene at the dose of 10 mg/kg markedly ameliorated the
CsA-induced all the negative changes observed in the testicular tissue, sperm parameters and oxidant/antioxidant balance. In
conclusion, CsA-induced oxidative stress leads to the structural and functional damages in the testicular tissue and sperm quality of
rats and, lycopene has a potential protective effect on these damages.
# 2006 Elsevier Inc. All rights reserved.
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Today, organ and bone marrow are successfully
transplanted. But, the rejection reactions occur when a
foreign organ is attacked by the body’s immune system.
Many immunosuppressive drugs are used to prevent the* Corresponding author. Tel.: +90 424 237 00 00/3987;
fax: +90 424 238 81 73.
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doi:10.1016/j.theriogenology.2006.10.013rejection reactions. CsA, a fungal peptide, is most
frequently used in the transplant surgery and the
treatment of autoimmune diseases as a potent immu-
nosuppressant, because of its specific inhibiting effect
on the lymphokine generation, differentiation and
signal transduction pathways of cell T receptor [1–3].
However, clinical use of CsA is limited by side effects
which the most important is nephrotoxicity [4–6]. The
previous studies have shown that CsA also caused
toxicities such as vascular dysfunction [7], hepatotoxi-
city [8,9], ovarian damage [10], testicular [11,12] and
spermatozoal toxicity [13–18].
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found in tomato and tomato-based products, is one of
the 600 known naturally occurring carotenoids [19].
Recently, lycopene has received particular attention as a
result of studies indicating that it has highly efficient
antioxidant and free radical scavenging capacity
[20,21]. It has been demonstrated in previous studies
that the biochemical mechanism of CsA-induced
toxicity is attributed to the oxidative stress [3,6]. But,
CsA-induced direct alterations in hypothalamic–pitui-
tary–gonadal axis [13–15] and reduction in Sertoli cell
phagocytic function [12] are probably responsible for
the pathogenesis of testicular and spermatozoal toxicity.
However, there is no exact evidence about that CsA
causes infertility by affecting the oxidant/antioxidant
balance of testis. Therefore, this study was conducted to
demonstrate whether the CsA leads to testicular and
spermatozoal toxicity associated with the oxidative
stress, and to investigate the possible protective effect of
lycopene against CsA-induced damages in reproductive
organs and sperm characteristics of male rats.
2. Materials and methods
2.1. Chemicals
CsA (Sandimmun1 sol., 50 mg/ml) was purchased
from Novartis (İstanbul, Turkey). Lycopene 10% FS
(Redivivo TM, Code 7803) was obtained from DSM
Nutritional Products (İstanbul, Turkey). All other
chemicals were purchased from Sigma (St. Louis,
MO, USA).
2.2. Experimental groups and sample collection
Twenty-four healthy adult male Sprague–Dawley rats
(8 weeks old, 200–240 g body weight) were used in this
study. The animals were obtained from University of
Fırat, Faculty of Medicine, Experimental Research
Centre (Elazığ, Turkey) and were housed under standard
laboratory conditions (temperature 24  3 8C, humidity
40–60%, 12 h/12 h light/dark cycle). The commercial
pellet diet (Elazığ Food Company, Elazığ, Turkey) and
fresh drinking water were given ad libitum. Animal use
protocol was approved by the National Institutes of
Health and Local Committee on Animal Research.
CsAwas subcutaneously (sc) injected to the animals at
the dose of 15 mg/kg day for 21 days. The dose and
administration period of CsA were selected according to
previous studies [4,22]. About 5 mg of lycopene was
suspended in 0.5 ml corn oil and administered to the
animals by gavage at the dose of 10 mg/kg day for 21days. The dose of lycopene used in this study was selected
on the basis of the previous studies [23,24]. The rats were
randomly divided into four experimental groups of six
rats each. These groups were arranged as follows:Group 1 —control: treated with placebo – received sc
injection of 0.5 ml isotonic saline +0.5 ml corn
oil for 21 days.Group 2 —CsA: received sc injection of CsA +0.5 ml
corn oil for 21 days.Group 3 —lycopene: treated with sc injection of 0.5 ml
isotonic saline + lycopene for 21 days.Group 4 —CsA + lycopene: received sc injection of
CsA + lycopene for 21 days.The rats were decapitated at the end of the treatment
period. Testes, epididymides, seminal vesicles and
prostate were removed, cleared of adhering connective
tissue and weighed. One of the testes was fixed in 10%
formalin sol. for histopathological examinations. The
other testis samples were also stored at 20 8C until
biochemical analyses.
2.3. Evaluation of sperm characteristics
The epididymal sperm concentration was deter-
mined with a hemocytometer using a modification of
the method described by Yokoi et al. [25]. Briefly, the
right epididymis was finely minced by anatomical
scissors within 1 ml of isotonic saline in a Petri dish. It
was completely squashed by a tweezers for 2 min, and
then allowed to incubate at room temperature for 4 h to
provide the migration of all spermatozoa from
epididymal tissue to fluid. After incubation, the
epididymal tissue-fluid mixture was filtered via strainer
to separate the supernatant from tissue particles. The
supernatant fluid containing all epididymal spermato-
zoa was drawn into the capillary tube up to 0.5 lines of
the pipette designed for counting red blood cells. The
solution containing 5 g sodium bicarbonate, 1 ml
formalin (35%, v/v) and 25 mg eosin per 100 ml
distilled water was pulled into the bulb up to 101 lines of
the pipette. This gave a dilution rate of 1:200 in this
solution. Approximately 10 ml of the diluted sperm
suspension was transferred to each counting chamber of
Improved Neubauer (Deep 1/10 mm, LABART, Ger-
many) and allowed to stand for 5 min. The sperm cells
in both chambers were counted with the help of light
microscope at 200 magnification.
The percentage of forward progressive sperm
motility was evaluated using a light microscope with
heated stage as described by Sönmez et al. [26]. For this
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heated stage warmed to 37 8C, and then several droplets
of Tris buffer solution [Tris (hydroxymethyl) amino-
methane 3.63 g, glucose 0.50 g, citric acid 1.99 g and
distilled water 100 ml] were dropped on the slide and a
very small droplet of fluid obtained from left cauda
epididymis with a pipette was added on the Tris buffer
solution and mixed by a cover-slip. The percentage of
forward progressive sperm motility was evaluated
visually at 400 magnification. Motility estimations
were performed from three different fields in each
sample. The mean of the three successive estimates was
used as the final motility score. To determine the
percentage of morphologically abnormal spermatozoa,
the slides stained with eosin-nigrosin (1.67 g eosin, 10 g
nigrosin and 2.9 g sodium citrate per 100 ml distilled
water) were prepared. After preparation, the slides were
viewed under a light microscope at 400magnification.
For each animal, a total of 300 sperm cells were
examined on each slide.
2.4. Biochemical measurements
The testicular tissue was homogenized in a Teflon-
glass homogenizer with a buffer containing 1.5%
potassium chloride to obtain 1:10 (w/v) whole homo-
genate. The testicular tissue lipid peroxidation level was
measured according to the concentration of thiobarbi-
turic acid reactive substances (TBARs) [27]. The amount
of produced malondialdehyde (MDA) was used as an
index of lipid peroxidation. Briefly, onevolume of the test
sample and two volume of stock reagent (15%, w/v
trichloroacetic acid in 0.25 N HCl and 0.375%, w/v
thiobarbituric acid in 0.25N HCl) were mixed in a
centrifuge tube. The solution was heated in boiling water
for 15 min. After cooling, the precipitate was removed by
centrifugation at 1500  g for 10 min, and then
absorbance of the supernatant was read at 532 nm
against a blank containing all reagents except test sample
on a spectrophotometer (Shimadzu 2R/UV–vis, Tokyo,
Japan). The MDA level was expressed as nmol/ml.
The reduced glutathione (GSH) level of testicular
tissue was measured at 412 nm using the method of
Sedlak and Lindsay [28]. The samples were precipitated
with 50% trichloracetic acid, and then centrifuged at
1000  g for 5 min. The reaction mixture contained
0.5 ml of supernatant, 2.0 ml of Tris–EDTA buffer
(0.2 mol/l; pH 8.9) and 0.1 ml of 0.01 mol/l 5,50-dithio-
bis-2-nitrobenzoic acid. The solution was kept at room
temperature for 5 min, and then read at 412 nm on the
spectrophotometer. The level of GSH was expressed as
nmol/ml.The glutathione peroxidase (GSH-Px) activity in
testicular tissue was determined according to the method
of Lawrence and Burk [29]. The reaction mixture
consisted of 50 mM potassium phosphate buffer (pH
7.0), 1 mM EDTA, 1 mM sodium azide (NaN3), 0.2 mM
reduced nicotinamide adenine dinucleotide phosphate
(NADPH), 1 EU/ml oxidized glutathione (GSSG)-
reductase, 1 mM GSH, and 0.25 mM H2O2. Enzyme
source (0.1 ml) was added to 0.8 ml of the above mixture
and incubated at 25 8C for 5 min before initiation of
the reaction with the addition of 0.1 ml of peroxide
solution. The absorbance at 340 nm was recorded for
5 min on a spectrophotometer. The activity was calcu-
lated from the slope of the lines as micromoles of
NADPH oxidized per minute. The blank value (the
enzyme was replaced with distilled water) was subtracted
from each value. The protein concentration was also
measured by the method of Lowry et al. [30]. The GSH-
Px activity was expressed as IU/g protein.
The testicular tissue catalase (CAT) activity was
determined by measuring the decomposition of hydro-
gen peroxide at 240 nm, according to the method of
Aebi [31], and was expressed as k U/g protein, where k
is the first-order rate constant.
2.5. Histopathological examination
Fixed testis tissue samples in 10% formalin were
embedded inparaffin, sectioned at5 mm,and werestained
with hematoxylin and eosin (H&E). Light microscopy
was used for the evaluations. The diameter and germinal
cell thickness of the seminiferous tubules (ST) from five
different areas of each testicle were measured using an
ocular micrometer in a light microscope, and the average
size of ST and germinal cell thickness were calculated.
2.6. Statistical analysis
The SPSS/PC program (Version 10.0; SPSS, Chicago,
IL) was used for the statistical analysis. Data are
presented as mean  standard error of means (S.E.M.),
and a value of P < 0.05 was considered as significant.
Values were compared by one-way analysis of variance
(ANOVA) and post hoc Tukey—HSD test to determine
the differences among all the groups.
3. Results
3.1. Reproductive organ weights
Table 1 shows the changes in the reproductive organ
weights in response to various treatments for 21 days of
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Table 1
The weights of testis, epididymis, seminal vesicles and prostate in all groups
Organ weights (g) Control (n = 6) CsA (n = 6) Lycopene (n = 6) CsA + lycopene (n = 6)
Testis 1.29  0.04 1.16  0.11 1.28  0.03 1.23  0.02
Epididymis 0.30  0.04 0.30  0.05 0.32  0.01 0.35  0.03
Seminal vesicles 0.55  0.05 a 0.19  0.03 b 0.59  0.08 a 0.41  0.05 a
Prostate 0.31  0.05 0.21  0.05 0.33  0.07 0.29  0.04
Data are expressed as mean  S.E.M. The mean differences between values bearing different lower case (a and b) within the same row are
statistically significant (P < 0.01).treatment period. No statistically significant differences
were observed between any of groups in terms of testes,
epididymides and prostate weights. However, CsA
administration caused the significant decrease (P <
0.01) in weights of seminal vesicles in comparison to
the control group. A marked (P < 0.01) increase in
CsA + lycopene group was observed in seminal vesicles
weight compared to CsA group.
3.2. Epididymal sperm characteristics
The effects of CsA and lycopene administrations on
epididymal sperm concentration, sperm motility and
abnormal sperm rate are presented in Figs. 1 and 2 and
Table 2, respectively. Only lycopene administration for
21 days did not markedly affect all the studied sperm
characteristics when compared to the control group.
CsA treatment significantly (P < 0.05) decreased sperm
concentration (37.7%), sperm motility (40.9%) and
increased the percentage of head (225%) and entire
(179%) abnormality of sperm in comparison to the
control group. The administration of lycopene to CsA-
treated rats significantly (P < 0.05) protected the CsA-Fig. 1. Epididymal sperm concentrations in all groups. The mean
differences between the bars bearing values with different lower case
(a and b) are statistically significant (P < 0.05).induced negative effects in sperm quality including the
concentration (49.9%), motility (53.8%) and abnorm-
ality (58.1% in head, 54.7% in entire) versus CsA
group.
3.3. Biochemical parameters
Markers of testicular tissue lipid peroxidation and
antioxidant status of all the groups are given in Table 3.
Lycopene treatment remained ineffective in MDA and
GSH levels along with GSH-Px and CAT activities in
comparison to the control group. While CsA admin-
istration resulted in a significant (P < 0.01) increase in
MDA level when compared to the control group, the
CsA + lycopene treatment provided a marked reduction
(P < 0.01) in the increased MDA levels versus CsA
group.
CsA treatment caused the significant decreases in
GSH levels (P < 0.01), GSH-Px (P < 0.05) and CAT
(P < 0.05) activities when compared to the control
group. However, administration of lycopene to CsA-
treated rats prevented the CsA-induced decreases in
these antioxidants.Fig. 2. The percentage of sperm motility in all groups. The mean
differences between the bars bearing values with different lower case
(a and b) are statistically significant (P < 0.05).
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Table 2
The percent values of abnormal sperm in all groups
Sperm cell Control (n = 6) CsA (n = 6) Lycopene (n = 6) CsA + lycopene (n = 6)
Head 2.00  0.50 a 6.50  1.22 b 1.76  0.38 a 2.72  0.65 ab
Tail 3.50  0.50 8.88  2.40 3.00  0.96 4.25  1.18
Entire 5.50  1.00 a 15.38  3.24 b 4.76  0.57 a 6.97  1.09 ab
Data are expressed as mean  S.E.M. The mean differences between values bearing different lower case (a and b) within the same row are
statistically significant (P < 0.05).
Table 3
The MDA and GSH levels, GSH-Px and CAT activities and diameter of seminiferous tubules and germinal cell thickness in testis tissue of all groups
Parameters Control (n = 6) CsA (n = 6) Lycopene (n = 6) CsA + lycopene (n = 6)
MDA (nmol/ml) 16.41  0.22 a 22.99  1.01 b 14.88  0.17 a 18.17  1.13 a
GSH (nmol/ml) 3.46  0.20 a 2.50  0.13 b 3.92  0.06 a 2.98  0.03 ab
GSH-Px (IU/g protein) 60.13  3.84 A 40.40  1.22 B 63.34  2.03 A 54.32  2.37 A
CAT (ku/g protein) 83.34  3.86 A 56.32  3.22 B 85.11  3.72 A 74.72  4.58 A
Diameter of ST (mm) 211.06  1.88* 186.87  2.52# 221.36  2.07* 211.34  2.27*
Germinal cell thickness (mm) 54.11  0.80* 47.87  0.62# 55.54  0.62* 52.35  0.68*
Data are expressed as mean  S.E.M. The mean differences between values bearing different lower case (a and b, P < 0.01), upper case (A and B,
P < 0.05) and icon (* and #, P < 0.001) within the same row are statistically significant.3.4. Histopathological findings
While CsA treatment caused significant decreases in
the diameter of ST and germinal cell thickness of the
testis compared to the control group, CsA plus lycopene
treatment provided a marked (P < 0.001) amelioration
in these parameters (Table 3). When the structure of
testis was histopathologically examined; degeneration,
necrosis and interstitial oedema were detected in testis
of CsA-treated group when compared to the control
group. Desquamative germinal cells and the decelera-
tion of spermatogenesis were seen in the lumen of
certain ST of CsA-treated rats (Fig. 3). The adminis-Fig. 3. The effect of cyclosporine A on testis tissue of rat. Semi-
niferous tubules show degeneration, necrosis and interstitial oedema
(H&E, 20).tration of lycopene to CsA-treated rats improved nearly
all the CsA-induced damages in the structure of testis
(Fig. 4).
4. Discussion
CsA-induced toxicities in different organs such as
kidney [4], vein [7] liver [9], ovary [10] and testis [13–
15] in transplanted and/or non-transplanted humans and
animals have been investigated in detail and well
documented. It has been reported that the CsA
administration causes a dose-dependent decline
(20 mg/kg or higher) in the reproductive organ weightsFig. 4. The effect of lycopene on testis tissue of rat treated with
cyclosporine A. Seminiferous tubules show nearly normal structure
(H&E, 20).
G. Türk et al. / Theriogenology 67 (2007) 778–785 783of non-transplanted male rats [13–15]. CsA has no
significant negative effects on reproductive organ
weights except seminal vesicles in this study. The
secretory activity of accessory glands is dependent on
testosterone produced by the interstitial cells. In vivo
and/or in vitro CsA administrations lead to decrease in
level of testosterone [32,33]. The reduction in seminal
vesicles weights observed in the study may be explained
that the secretion of this organ likely decreased because
testosterone levels were diminished by CsA. However,
there are no differences between CsA group and control
group regarding to reproductive organ weights. The
situation may be explained by the low dose of CsA.
CsA directly leads to reduced haploid cell popula-
tion, pachytene spermatocytes, and desquamation of
round spermatids and numerous residual bodies [11,12].
In the present study, CsA administration caused the
significant decreases in diameter of ST and germinal
cell thickness. Additionally, degeneration, necrosis,
interstitial oedema, desquamative germinal cells and the
deceleration of spermatogenesis were also seen in the
lumen of certain ST of CsA-treated rats. These findings
are in agreement with our earlier studies at which
similar changes were observed in the histological
structure of testis associated with oxidative stress after
treatment of some cytotoxic agent [20,21]. In this study,
the damages observed in the histological structure of
testis may be explained by the direct effect of CsA
inducing impaired maturation or release of spermatozoa
or by indirect effect of CsA. CsA indirectly induces
lipid peroxidation that is a chemical mechanism capable
of disrupting the structure and function of testis.
Earlier studies indicate that the alterations in
hypothalamic–pituitary–gonadal axis [13–15], and/or
reduction in Sertoli cell phagocytic function [12] caused
by CsA administration is probably responsible for the
pathogenesis of testicular and spermatozoal toxicity.
Although CsA-induced nephrotoxicity and hepatotoxi-
city are related with oxidative stress, there is no
evidence concerning the relationship between cellular/
biochemical mechanisms of gonadal damage and
oxidative stress. Reactive oxygen species (ROS) are
normally synthesized in several essential metabolic
processes for living cells including the spermatozoa.
ROS are highly reactive and can react with many
intracellular molecules, mainly unsaturated fatty acids
[34]. Spermatozoa are especially susceptible to perox-
idative damage because of high concentration of
polyunsaturated fatty acids which are involved in
regulation of sperm maturation, spermatogenesis,
capacitation, acrosome reaction and eventually in
membrane fusion, and low antioxidant capacity. Theperoxidation of sperm lipids destroys the structure of
lipid matrix in the membranes of spermatozoa, and it is
associated with rapid loss of intracellular ATP leading
to axonemal damage, decreased sperm viability and
increased mid-piece morphological defects, and even it
completely inhibits spermatogenesis in extreme cases
[35]. In this study, it was observed that CsA treatment
significantly decreased sperm concentration and moti-
lity, and increased abnormal sperm rate in comparison
to the control group. These results are in agreement with
previous studies at which was demonstrated that CsA
caused spermatozoal damage [13–18]. Additionally, the
CsA treatment caused a significant increase in testicular
tissue MDA level compared to the control. The negative
changes observed in sperm quality in the present study
may be attributed to the peroxidation of polyunsaturated
fatty acids in plasma membranes of spermatozoa or
alterations of the intracellular redox state by CsA.
CsA treatment caused significant increase in MDA
level, and decrease in GSH level, GSH-PX and CAT
activities of testicular tissue compared to the control in
the present study. The increments in MDA levels are
probably due to the excessive generation of ROS by
blocking the permeability transition pore, providing an
increase in Ca2+ concentration, and changing electron
transport chain of mitochondrial cells [36,37]. When
ROS begin to accumulate, testes exhibit a defensive
mechanism using various antioxidant enzymes. The
main detoxifying systems for peroxides are CAT and
GSH. CAT is an antioxidant enzyme, which destroys
H2O2 that can form a highly reactive OH in presence of
iron as a catalyst. By participating in the glutathione
redox cycle, GSH together with GSH-Px convert H2O2
and lipid peroxides to non-toxic products [8,35,38,39].
Reduced activity of one or more antioxidant systems
due to the direct toxic effect of CsA causes to increase
of lipid peroxidation and oxidative stress, and conse-
quently testicular and spermatozoal toxicity.
Lycopene, the most effective antioxidant among the
carotenoids is known as highly efficient scavengers of
1O2 and other excited species. During
1O2 quenching,
energy is transferred from 1O2 to the lycopene
molecule, converting it to the energy-rich triplet state.
Thus, lycopene may protect in vivo against oxidation of
lipids, proteins, and DNA [40]. Lycopene administra-
tion to CsA-treated rats resulted in significant ameliora-
tions in the weight of seminal vesicles, diameter of ST
and germinal cell thickness in the present study.
Additionally, lycopene improved nearly all the CsA-
induced damages in the structure of testis, and the other
deteriorated histopathological findings. This status may
be explained with partially attenuation of CsA-induced
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germinal cell thickness, and increment in fluids of
accessory glands due to the decreased lipid peroxida-
tion, and increased antioxidant enzyme activities caused
by lycopene administration.
In the present study, it was observed that while
treatment with lycopene significantly inhibited the
increase in testes MDA level, it increased the reductions
in GSH, GSH-Px and CAT activities of testicular tissue
by CsA. The possible explanation for the protective
effects of lycopene against the increase in CsA-induced
lipid peroxidation is its ability to react with the free
oxygen metabolites.
The significant decrease in epididymal sperm
concentration, motility and increase in abnormal sperm
rates was observed in CsA-treated group, but lycopene
treatment to CsA administered rats was provided a
marked normalization in these parameters in our study.
A rational mechanism for potential antitoxic effects of
carotenoids is its ability to scavenge free radicals that
cause oxidative DNA damage.
In conclusion, this study clearly indicates that CsA-
induced oxidative stress leads to the structural and
functional damages in the testicular tissue and sperm
quality of rats and, lycopene has a potential protective
effect on these damages. Therefore, lycopene may be
used combined with CsA to prevent CsA-induced
injuries in sperm quality and oxidant/antioxidant
balance.
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Antioxidant nutrients protect against cyclosporine A nephro-
toxicity. Toxicology 2003;189:99–111.
[35] Sanocka D, Kurpisz M. Reactive oxygen species and sperm cells.
Reprod Biol Endocrinol 2004;2(12):1–7.
[36] Fournier N, Ducet G, Crevat A. Action of cyclosporine on
mitochondrial calcium fluxes. J Bioenerg Biomembr 1987;19:
297–303.
[37] Nicolli A, Basso E, Petronilli V, Wenger RM, Bernard P. Inter-
actions of cyclophilin with the mitochondrial inner membrane
and regulation of the permeability transition pore, cyclosporine
A-sensitive channel. J Biol Chem 1996;271:2185–92.
[38] Sharma RK, Agarwal A. Role of reactive oxygen species in male
infertility. Urology 1996;48:835–50.
[39] Sikka SC. Oxidative stress and role of antioxidants in normal and
abnormal sperm function. Front Biosci 1996;1:78–86.
[40] Stahl W, Sies H. Antioxidant activity of carotenoids. Mol
Aspects Med 2003;24:345–51.
